Background: Identification of the determinants of access to investigational drugs is important to promote equity and scientific validity in clinical research. We aimed to analyze factors associated with the use of experimental antiretrovirals in Italy.
Background
Removing the barriers to accessing experimental drugs is an important goal from both a scientific and ethical point of view. In fact, generalizable therapeutic research requires a study population that is representative of the population that will eventually be in need of the drug being studied [1, 2] . Moreover, for patients with serious or life-threatening diseases who cannot be treated effectively with approved drugs, access to experimental drugs may represent the only possible way of receiving effective treatment [3] .
The issue of accessing experimental drugs has been debated for persons with HIV infection since the first decade of the epidemic. When the first antiretrovirals entered clinical trials, in response to the need of patients for whom no effective treatment was available, the US issued a new regulation that allowed experimental drugs to be distributed outside clinical trials in the context of so-called Expanded access programs (EAP) [4] . Subsequently, similar regulations were issued in other countries [5] .
Since zidovudine was first approved for clinical use, the possibility of treating HIV infection has dramatically expanded and more than 20 drugs are now available in industrialized countries [6] . Nonetheless, there is still a sizeable population of patients who experience virological failure to the three main classes of antiretrovirals and need access to new drugs [7, 8] .
Knowledge of patterns of access to experimental drugs by persons with HIV is still incomplete. A number of studies have analyzed the barriers that prevent access to clinical trials of antiretroviral drugs. Cross-sectional surveys on HIV patients conducted in North America found that ethnic minorities, women and patients with public or no health care insurance were underrepresented in clinical trials [9] [10] [11] [12] [13] [14] . In European studies, the mode of HIV transmission and socio-economic status were reported to be associated with participation in clinical trials [15, 16] . On the other hand, little information is available on the overall access to experimental drugs (through clinical trials or EAPs). A survey conducted on a probability sample of US patients with HIV found that ethnic minorities and persons cared for in private health maintenance organizations had a lower probability of receiving experimental drugs [17] .
The aim of our study was to analyze the access to experimental antiretrovirals and the variation over time in the context of a national health service providing universal access to antiretroviral treatment. To this end we analyzed data recorded between 1997 and 2007 in a multicentre cohort study in Italy conducted on patients with HIV infection who were antiretroviral naïve at the time of enrolment [18] .
Methods
This analysis was conducted within the Italian Cohort of Antiretroviral-Naive Patients (ICoNA) study, an observational cohort of HIV-infected individuals who were antiretroviral naïve at enrolment [18] . This cohort was set up in January, 1997 and to date consists of more than 7,000 patients from 50 infectious disease units in Italy. Initiation and discontinuation dates of each antiretroviral drug, HIV-viral load and CD4 cell count at each clinical visit (every 4-6 months on an average) were recorded for each enrolled patient.
Ethics statement
All individuals signed an informed consent prior to enrolment and the study was approved by the Ethics Committee of each participating institution that are listed in an appendix.
All patients 18 years or older who had started cART (≥ 3 drugs including at least two NRTI) during 1997-2007 were included in this analysis.
For each subject included in the analysis we analyzed the "episodes of therapy initiation/change", defined as any initiation of a single antiretroviral drug as part of the initial or subsequent regimen.
The initiation of a co-formulated drug without change in the component medicaments of the regimen was considered as a therapy change. On the other hand, change of therapeutic regimen, consisting of discontinuation of a drug without substitution, is not included in this definition and we did not consider consecutive prescriptions of the same antiretroviral separated by discontinuation. A CD4 count and a viral load determination had to be available within 6 months before and 15 days after therapy initiation/change for the episode to be included in the analysis.
We speculated that for physician and patient, there is a chance of starting an experimental antiretroviral when a new regimen is started or a new drug is introduced in a cART combination. For the purpose of this analysis, we defined an experimental antiretroviral as any antiretroviral drug started when it was not yet licensed to be legally marketed and sold in Italy (Table 1 ). If participation in a clinical trial was not recorded and the experimental antiretroviral was started after the first ethical approval of an EAP for that drug in Italy, we assumed that the drug was obtained through an EAP; otherwise the experimental antiretroviral was considered to be obtained through a clinical trial.
Statistical analysis
Descriptive statistical techniques were used to provide a general profile of the study population.
The temporal trend in the use of experimental antiretroviral was evaluated by plotting the proportion of therapy initiation/change by calendar year.
We computed the proportion of therapy initiation/ change with an experimental antiretroviral through a trial and an EAP by the clinical centre and we evaluated the association between them by using Pearson's correlation coefficient.
Univariable association between the distribution of episodes of therapy initiation/change according to the presence of an experimental antiretroviral and selected characteristics were tested using a Pearson's chi-square test stratified by clinical centre [19] .
Outcome variables
Multivariable logistic models were performed to assess adjusted odds ratios (AOR) for initiation of an experimental antiretroviral. In model 1 the outcome variable was the overall use of experimental antiretroviral drugs, regardless of whether the drug was obtained through a clinical trial or an EAP. In model 2 the outcome variable was the use of an experimental antiretroviral obtained through a trial, and in model 3 the outcome variable was the use of an experimental antiretroviral obtained through an EAP.
Correlation between statistical units coming from the same clinical centre was taken into account by adding a random intercept to the models. We did not take into account clustering observations within patients since this outcome was a rare event (4%), and clusters without events would have been dropped by the analysis [20] .
The covariates introduced in the models concerned the characteristics of clinical centres (categorized as hospital vs. university/research centre and number of reported AIDS cases), demographic, epidemiological (gender, age at therapy change, country of origin, occupation, marital status, years of education, HIV exposure category) and clinical characteristics of the subjects (clinical stage of HIV disease, CD4 cell count, plasma HIV-RNA, presence of cardio-vascular/metabolic diseases or neoplasm, presence of liver comorbitidy (liver diseases and/or HBsAg positivity and/or anti-HCV positivity) at the time of therapy change.
We also analyzed variables indicating exhaustion of treatment options, by considering the number of experienced antiretroviral drugs and of virologically failed antiretroviral drugs (defined as plasma HIV-RNA above 500 copies per mL after more than 4 months of continuous use of the drug) [21] . In order to take into account the different availability over time of experimental antiretrovirals, we also adjusted the estimates for the calendar year of antiretroviral prescription.
Analyses were performed with Stata Statistical Software: Release 10 (Stata Corp, College Station, Tex). 
Results

Patients
3,752 patients were included in our analysis ( Figure 1 ). The median age at enrolment was 37 years (inter-quartile range [IQR]: 32.7-42.5). Women accounted for 29.6% of the total study population. The majority of patients were born in Italy (92.4%). With regard to HIV exposure category, individuals infected through heterosexual contacts accounted for 38.5%, through homosexual contacts for 21.4%, and those infected through injecting drug use for 33.6% of the total. The median CD4 cell count at baseline was 279/mm 3 (IQR: 139-429.5); HIV-viral load at baseline (log 10 copies/ml) was 4.73 (IQR: 4.07-5.23). Clinically defined AIDS was present at enrolment in 16.9% of patients, while liver comorbitidy was present in 40.8%. 45.6% of patients were cared for in a teaching hospitals.
Episodes of therapy initiation/change
A total of 9,441 episodes of therapy initiation/change were analyzed of which 392 episodes, related to 360 patients (9.6% of total), involved an experimental antiretroviral. In 192 episodes (in 188 patients, 5.0% of the total) the experimental drug was obtained through a trial, and in 200 (in 172 patients, 4.6% of the total) through an EAP.
The trend in experimental antiretroviral use during the study period is shown in Figure 2 ; this trend partly reflects the availability of clinical trials or EAPs over time in Italy (data not shown). The proportion of episodes of therapy initiation/change involving the use of an experimental antiretroviral obtained through a trial varied markedly in different years and peaked in 1998 at 7.7%. A marked variability was also observed for a proportion of episodes of therapy initiation/change involving the use of an experimental antiretroviral obtained through an EAP which peaked (7.2%) in 1999.
The proportion of therapy initiation/change with an experimental antiretroviral ( Figure 3 ), ranges between 0.0 and 10.3% for trials and 0.0 and 6.2% for EAPs in different clinical centres. There was a significant correlation (r = 0.27, p = 0.04) between the proportion of regimen changes/initiation with an experimental antiretroviral obtained through a trial and through an EAP by clinical centre. Table 2 shows distribution of episodes of therapy initiation/change according to the presence of an experimental antiretroviral, by socio-demographic, behavioural In multivariable logistic regression (Table 3) , the probability of receiving an experimental antiretroviral through a trial or an EAP (model 1) decreased significantly over time (adjusted odds ratio [AOR] = 0.80 per year; p < 0.001). The overall probability of taking an experimental antiretroviral (model 1) increased for those who had experienced a higher number of antiretrovirals (≥ 8 drugs versus "naive": AOR = 3.71; p < 0.001) or who had failed a higher number of antiretrovirals (3-4 drugs and ≥ 5 drugs versus 0-2 drugs: AOR = 1.42, p = 0.03, and 2.38, p < 0.001, respectively) and for those who had an higher HIV viral load at regimen change (≥ 4 log copies HIV RNA/ml versus < 2 log copies HIV RNA/ml: AOR = 1.55, p = 0.02). The probability of taking an experimental antiretroviral by participating in a clinical trial (model 2), was significantly lower for patients presenting a liver comorbidity (AOR = 0.65; p = 0.05) and for those who experienced 3-4 drugs compared to antiretroviral naive patients (AOR = 0.55; p = 0.010), while it increased for multi-treated patients (AOR = 2.60; p = 0.033). No significant association was found for the number of failed antiretrovirals and the viral load.
The probability of taking an experimental antiretroviral by participating in an EAP (model 3) was significantly higher for patients infected through homosexual contacts compared to those infected though heterosexual contacts and for those who were married. The probability of taking an experimental antiretroviral trough an EAP progressively increased with the increasing number of drugs experienced, with the increasing number of drugs failed and in those with a viral load at regimen change ≥ 4 log copies/ml. Patients presenting a liver co morbidity also had a higher probability of taking an experimental antiretroviral through an EAP (AOR = 1.44; p = 0.053).
In all three models, age, gender, place of birth, education, clinical stage (CD4 count or clinical AIDS), were not significantly associated with the probability of receiving an experimental antiretroviral. Similarly, no association was found with the characteristics of a clinical unit. On the other hand, the heterogeneity associated with the clinical centre, not explained by the covariates included in the model, was statistically significant in all three models (table 3) .
Discussion
Most of the published studies assessing access to experimental antiretroviral drugs were based on cross-sectional surveys on samples of persons with HIV [9, 10, 12, 14, 22, 23] . We addressed this issue by analyzing data from a multi-centre cohort study over an 11-year period.
We found that almost 10% of patients received an experimental antiretroviral at least once. Marked variations were observed in different years of the study with an overall tendency of decreasing probability of receiving an experimental antiretroviral. Demographic and epidemiological characteristics of patients were not significant determinants of receiving experimental antiretrovirals. On the other hand, antiretroviral treatment experience was associated with access to experimental antiretrovirals both in trials and in EAP. Significant variability was associated with clinical centres, although no association was found with the specific characteristics of the clinical units that were examined in this analysis.
Previous studies have shown that persons with HIV have an high access to clinical trials of antiretrovirals. For example, surveys in the US found that 10-23% of patients interviewed reported experimental antiretroviral use [10, 12, 14, 23] . These figures are generally higher than what is reported in our study. However, these studies were conducted mostly during the 1990s when a great number of new drugs were in registration studies [24] and when the patients had limited treatment opportunities and large expanded access programs were set up [25] .
Our study also showed that 14.7% of patients who had treatment initiation/change in 1997-1999 had access to experimental antiretrovirals while this proportion decreased thereafter. However, in 2004-2007 the proportion of patients was still 3.3%, a figure which is higher than that reported for cancer patients [26] .
Treatment history was an important determinant of accessing experimental antiretrovirals, however different patterns were observed for clinical trials and EAPs. The probability of receiving an experimental antiretroviral through a clinical trial was greater for naïve patients and when treatment was changed in patients who had experienced a higher number of drugs. This probably reflects the design of clinical trials that are mainly focused on naïve and multi-experienced patients [27] . On the other hand, the probability of using an experimental antiretroviral trough EAPs increased significantly for the number of drugs experienced and for those failed and for patients with. liver co-morbidities. Taken together, our results suggest that possibility of accessing experimental antiretrovirals has been and continues to be an important opportunity for patients with limited treatment options.
Previous studies suggested that access to experimental antiretrovirals may be lower in female patients [10, 12] , those with lower socio-economic status [17] and for ethnic minorities [12, 14, 17, 23] . In our study, gender, occupational status and years of education were not associated with accessing experimental antiretrovirals. Foreign born patients had a somewhat lower, although not significantly, probability of receiving an experimental antiretroviral compared to patients born in Italy. However, foreign born patients constituted only 7.6% of our study population, so we may lack the power to detect significant association between ethnic origin and access to experimental drugs. In consideration of the increasing proportion of foreign born patients among those diagnosed with HIV/AIDS in Italy [28] as well as in other European countries [29] this aspect deserves close monitoring in the near future.
We observed a marked variability in access to experimental antiretrovirals in patients cared for in different clinical centres not captured by the covariates considered in our analysis. In a previous study, characteristics of the clinical unit providing care to patients with HIV, such as patients volume and proximity to an NIHfunded HIV trial centre, were independently associated with use of experimental drugs [17] . In our study no association was found with the specific characteristics of clinical unit examined, although, correlation between the probability of entering a clinical trial or an EAP in the same centres suggests the possible existence of common barriers to accessing experimental drugs. Previous studies have identified time constraints, lack of staff and training, concerns about new drugs as physicians as barriers to enrolling in clinical trials [30, 31] . It remains to be determined whether such barriers had a role in determining differences among the clinical centres participating in this study.
It should be pointed out that our study was conducted on patients with HIV who were enrolled in a cohort study. Therefore, it can't be ruled out that they were more likely to be enrolled in clinical trials and EAPs than patients under care who were not in clinical studies and thus we could have overestimated the probability to access experimental antiretrovirals in Italy. On the other hand, it should be noted that the study population was recruited in a very large number of clinical centres in diverse geographic locations and with different characteristics, and that the distribution of our population by age, gender and mode of HIV acquisition is similar to that of AIDS cases reported in Italy during the study period [28] .
In the analysis, we assumed that an experimental antiretroviral was obtained through an EAP if it was started after the first ethical approval in Italy of the program, and participation in a clinical trial was not recorded in the database. However, patients may have still be enrolled in a clinical trial when the EAP was active, so we may have misclassified some patients.
The study design also did not allow us to investigate the possible role of a series of patient factors such as fear of side-effects, distrust of researchers, concerns about research, and interference in everyday life which have been shown to represent significant barriers to accessing antiretroviral drug trials [32] .
Conclusions
In summary, our study shows that a substantial number of persons with HIV had the opportunity to access experimental antiretroviral drugs in our country and suggests that gender and socio-economic factors did not represent significant barriers to accessing these drugs. This is consistent with speculation that a national health system which provides universal access to care for persons with HIV, such as the Italian health system, may also reduce disparities in access to experimental drugs, in particular when the experimental drug represent an opportunity for patients with exhaustion of treatment options.
On the other hand, we also found that the chance of a patient of accessing experimental antiretroviral drugs varied widely in different clinical units: this is a potential source of non equity, and deserves further investigation. This finding also suggest the need of developing a national initiative aimed at facilitating the access of patients from different clinical centres to research on new drugs. In this context, establishing research networks among clinical centres and increasing the patient community information and involvement in clinical research may be useful tools.
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